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Photomedicine Remains the Province of
Dermatologists and Skin Biologists
Photons that make up the electromagnetic spectrum vary in
energy (and wavelength) from exceedingly long radio and
radar waves of very low energy up to the highly energetic
cosmic radiation that is found primarily in outer space. At
the middle of this spectrum lie photons emitted in prodi-
gious amounts by our neighbor, the sun, and in wavelengths
that are quite familiar to readers of the Journal. At the cen-
ter, visible light is surrounded by the more energetic pho-
tons of the ultraviolet (UV) region and the less energetic
photons of the infrared (IR) region. Radiation within this mid-
portion of the electromagnetic spectrum (UV through IR) is
of considerable interest to several sciences, including ecol-
ogy, plant biology, chemistry, and physics, because it has
the capacity to influence the function of cells and organisms
here on earth. By contrast, there is much more restricted
interest in the effects of mid-range electromagnetic radia-
tion on skin. That interest is held primarily by dermatolo-
gists, skin biologists, and cancer biologists. This means that
much of the new information about mid-range radiation ef-
fects on skin will necessarily be published in this Journal.
And, as will be seen, this issue of JID is no exception.
Photomedicine Is Complex
As background to the four ‘‘In This Issue’’ comments that
follow, it is important to emphasize that mid-range electro-
magnetic radiation effects on skin are exceedingly complex
for reasons that are only now becoming fully apparent. This
complexity arises because the effects of radiation on skin
depend upon an array of variables, including (1) unique ab-
sorption and scattering effects of the cells and structural
elements that make up skin, (2) variable penetration of ra-
diation into skin, which is dependent on the wavelength of
each incident photon, (3) unique mechanisms by which at
least some of the damage can be repaired, (4) long delays in
the onset of several critical biologic effects of radiation,
such as carcinogenesis and photoaging, (5) substantially
different sensitivities of cells and structures to the radiation
that penetrates, and (6) profound effects of the antioxidants
and chromophores within skin, both intrinsic and exogenou-
sly supplied. In short, there is much work to be done before
we fully understand the effects of mid-range electromag-
netic radiation on skin. On the other hand, new observations
are reported frequently, as exemplified in this issue of
the JID.
Aging and Photorepair
The sensitivity of skin to UVR is age dependent, and there is
more than one mechanism. Scientists from Hamamatsu
University, Nara Medical University and Kanebo Cosmetics
studied the repair of DNA damage that follows UVB irradi-
ation (p. 435). Working with skin fibroblasts from donors of
different ages, they examined two endpoints in the repair
process: (1) host cell reactivation, which measures the full
process of nucleotide excision repair (NER) and (2) the re-
moval of two photoproducts, namely cyclobutane pyrimi-
dine dimers and pyrimidine–pyrimidine (6–4), which are
early steps in NER. As anticipated, host cell reactivation (the
full repair process) was diminished substantially in the eld-
erly subjects (in the 7th Decade), whereas the removal of
the photoproducts remained largely unaffected. These re-
sults imply that the age-sensitive step takes place after the
damage excision events in NER. Importantly, it tells us that
the development of corrective measures for the elderly
should be focused on protecting later events rather than on
the initial recognition and excision events of photorepair.
More Aging and Photorepair
A related aging study was conducted by scientists at Phi-
lipps University in Marburg, the Swiss Federal Institute of
Technology in Zu¨rich and Beiersdorf AG, Hamburg. Also
focusing on potential protective mechanisms, Lenz and
colleagues report (p. 443) the effect of creatine on two types
of damage in skin: oxidative damage and UV radiation-in-
duced damage. This paper brings together several different
aspects of UVR-induced damage, most importantly the
concept that different energies (wavelengths) cause dam-
age by different mechanisms, leading to unique cascades of
effects. As an aside, it should be noted that when wave-
lengths are different, the photoreceptors are necessarily
different, the photochemistry should be different, and ulti-
mately there should be different photobiologic effects. The
important corollary is that photoprotection must address all
effects.
Returning to the study, it is important to recognize that
cutaneous aging is characterized by a decline in cellular
energy metabolism, which is mainly caused by changes in
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mitochondrial function. This decline appears to be mediated
predominantly through the generation of free radicals from
reactive oxygen species (a characteristic effect of UVR).
Thus, aging may be accelerated through damage to mi-
tochondria by reactive oxygen, and reactive oxygen can be
generated by UVR. Importantly, the authors studied the ef-
fects of creatine supplementation on epidermal cells as a
potential mechanism to protect mitochondria-dependent
endogenous energy supply in skin. Not only was exogenous
creatine taken up by keratinocytes, it did protect against
free oxygen radical stress. This new information indicates
that human epidermal cells may be protected against oxi-
dative stress, including stress initiated by UVR-induced
damage. As will be seen, photoprotection figures promi-
nently in the papers that follow.
Systemic Photoprotection, a First
A most illuminating paper from Marianne Placzek et al of the
University of Munich (p. 304) addresses the impact of two
orally administered antioxidants on UV-induced damage in
skin. Recognizing that considerable UVR-induced damage
occurs via reactive oxygen species, the study began with
the question of whether relatively long-term oral adminis-
tration of vitamins E and C together would protect against
such damage. Importantly, earlier studies examining various
antioxidants separately had provided incomplete or equiv-
ocal answers. By contrast, Dr Placzek found that the com-
bination of vitamins C and E taken for 3 months decreased
both experimental sunburn reactions and protected epider-
mal cells against the induction of thymine dimers. Although
vitamins E and C and other antioxidants had been examined
previously, this is evidently the first study to show a ben-
eficial effect when two antioxidants were taken together and
for an extended period of time. This work should lead to
new ideas about how to prevent at least some of the
detrimental effects of UVR.
b-Carotene and Aging
A combination of academic and industry scientists from
Switzerland studied b-carotene effects on UVA-induced
gene expression. Karin Wertz and her colleagues (p. 428)
began with knowledge that UVA exposure is thought to
cause skin aging mainly by singlet oxygen-dependent path-
ways. To examine the effects of the known reactive oxygen
quencher b-carotene on UVA-induced changes in HaCaT
human keratinocytes, they employed microarray technology
to assess gene expression. Briefly stated, they observed that
b-carotene modulated many effects of UVA, and their results
implied two conclusions: (1) That b-carotene/UVA interaction
involves many different mechanisms, which are likely to be
independent of quenching, and (2) that the b-carotene ef-
fects were predominantly mediated through vitamin A-inde-
pendent pathways. This confirmed the complexity of their
question and of the answers that were provided.
In summary, photomedicine remains the province of der-
matologists and skin biologists, it is complex, and this issue
of the JID includes articles that are at the ‘‘cutting edge’’ of
that knowledge.
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